In this paper, for the first time, we have reported the analysis of the polar fraction of Melittis melissophyllum subsp. albida, a species with ecological relevance which is also used in traditional medicine of Central-Southern Italy. Iridoid glucosides were mainly identified, together with verbascoside, an ubiquitous phenyl-ethanoid glycoside, with chemotaxonomic implications in Lamiales order. The majority of the isolated compounds is endowed with interesting bioactivities and may justify the traditional uses of this plant also from a chemical point of view. Several peculiarities were also recorded in the metabolic pattern of this subspecies, i.e. the presence of virginioside and geniposidic acid, two rare compounds in the Lamiaceae family. The presence of free cinnamic acid was an additional characteristic of this subspecies which showed a specific secondary metabolites content. These phytochemical peculiarities, together with the morphological differences showed by the subsp. albida in respect to the nominal species, may be a base for a reconsideration of the systematic of Melittis melissophyllum subsp. albida.
Melittis melissophyllum subsp. albida (Guss.) P.W.Ball, also known as M. graeca Klokov or M. melissophyllum var. albida (Guss.) Nyman [1, 2] , is a perennial plant belonging to the Lamiaceae family. Together with the subsp. melissophyllum, it represents the only species of the Melittis genus that can be found in Italy. These two subspecies can be distinguished by some morphological factors. In particular, M. melissophyllum subsp. albida has a taller and a larger stem, with many glandular and short trichomes. Moreover, it has larger leaves and its flowers are white; hence, the origin of its subspecific name. This plant is present in Italy only in some southern and central regions and in the islands [3] . For what concerns its use, there are not specific indications whereas, in general, all the plants of this genus are utilized against insomnia and eye inflammations and exhibit strong antispasmodic properties [4, 5] . This is also a species endowed with ecological interest since it is considered one of the diagnostic species in the "PtilostemoQuercenion" sub-alliance [6, 7] ; moreover, it is one of the most important species for honey-producer pollinators and this characteristic gives the specific name of this species.
Only a couple of previous works have focused on the composition of the essential oil from this particular subspecies [3, 8] , while no study has ever been made of the polar fraction. With the idea of completing the molecular pattern of this species and continuing our recent study on this genus [9] , which showed the presence of monomelittoside, melittoside, harpagide, 8-O-acetyl-harpagide, ajugoside and allobetonicoside, we have then decided to proceed with the analysis of a sample of subsp. albida collected in Central Italy.
The analysis of the polar fraction revealed the presence of several iridoid glucosides, which are currently considered of taxonomical relevance. In particular, the following compounds were identified: harpagide (1) and its 8-O-acetyl derivative (2), considered chemotaxonomic markers of the genus, together with melittoside (3), allobetonicoside (4), virginioside (5) and geniposidic acid (6) . Among the non-iridoidic compounds, were recognized verbascoside (7), a quite ubiquitous phenylethanoid glycoside (PhGs) and cinnamic acid (8) .
The presence of compounds (1) (2) (3) (4) (6) have been recognized for the first time in the genus as well as in the subspecies in the present work. These may be characteristic metabolites at a subspecific level.
The iridoidic pattern recognized in M. melissophyllum subsp. albida is quite different from those reported for the nominal species and also for the subspecies melissophyllum. The presence of compounds (5) and (6) is of particular interest: compound (5) has been previously found in Physostegia virginiana [12, 13] which belongs to the Lamiaceae family as well as Melittis; geniposidic acid (6), on the contrary, has been recognized before only in one Lamiaceae species, namely Lagochilus ilicifolius Bunge ex Benth. [14] being so a quite rare compound in this family. In fact, compound (6) has been isolated mainly from Rubiaceae i.e. Galium spp. [15] , Genipa [16] and Gardenia [17] , and from Eucommia ulmoides (Eucommiaceae) [18] , but recently was also found in Bellardia trixago [19] , Cistanche tubulosa (Schenk) Wight [20] and Centranthera grandiflora Benth. [21] , species belonging to Orobanchaceae, and lastly from Rehmannia glutinosa (Gaertn.) DC., Plantaginaceae [22] . The last two families are members of the Lamiales order, as well as Lamiaceae, and the co-occurrence of (6) confirms, from a phytochemical point of view, their systematic proximity.
Among the non-iridoidic components isolated, there is verbascoside (7), a widespread PhG, which attains chemosystematic relevance when found together with iridoid glycosides [23] , a common characteristic of Asterids.
The last isolated compound was cinnamic acid (8) in free form, a second rare compound in Lamiaceae, which was found in the studied subspecies. To the best of our knowledge, compound (8) has been recognized mainly in derivative forms; for example, its p-methyl derivative was identified in Chelonopsis albiflora Pax & K.Hoffm (syn. of Chelonopsis souliei (Bonati) Merr.) [24] . Previously, its occurrence in traces has also been verified in Melittis [25] , while the majority of derivatives were present as cinnamoyl esters; on the contrary, from the studied accession, a huge amount of (8) was isolated in its free acidic form.
In conclusion, M. melissophyllum subsp albida has shown a secondary metabolites pattern which is quite different from that reported from the subspecies melissophyllum. The main differences, interesting from a chemotaxonomic point of view, were observed for the iridoid glucosides composition: besides the chemosystematic markers of the genus, we found virginioside (5) and geniposidic acid (6), which could be a peculiarity of the subspecies albida. It is also worth to mention the absence in the studied accession of coumarin, which was one of the main components of the subspecies melissophyllum [26] .
Taking into account both the morphological differences from the nominal species and the phytochemical results obtained in this study, a reconsideration of the systematic collocation of this subspecies seems to be necessary. In our opinion, the subsp. albida shows a discrete number of peculiarities which may justify its raising to species rank.
Iridoids are also present in several medicinal species belonging to Lamiales and their anti-inflammatory and antioxidant bioactivities, both in vitro and in vivo, are attributed mainly to the presence of these compounds [17, 27, 28, 29, 30] . The presence of components with anti-inflammatory action may give a rationale for the traditional use of this species against eye inflammations.
Experimental
General: NMR spectra were recorded on a Varian (now Agilent Technologies, Santa Clara, CA, USA) Mercury 300 MHz using either CD 3 OD or D 2 O as solvents; the chemical shifts were expressed in ppm (the signal of HDO (s) at 4.78 ppm was used as reference for spectra in D 2 O; the internal solvent signal (m5) at 3.31 ppm for spectra recorded in CD 3 OD).
MS were obtained on a Q-TOF MICRO spectrometer (Micromass, now Waters, Manchester, UK) equipped with an ESI source that operated in the negative and/or positive ion mode. The flow rate of sample infusion was 10 μL/min. with 100 acquisitions per spectrum. Data were analysed by using the MassLynx software developed by Waters.
Solvents of RPE grade were purchased from either Sigma Aldrich or Carlo Erba Reagenti, silica gel 60 (70-230 mesh ASTM) from Fluka. .034129 E). The botanical identification was performed by Dr A. Venditti using available literature [1, 2] . A representative sample of the studied accession was stored in our laboratory under the code: MmA-280612.
Extraction and isolation:
The dried plant material (253.7 g) was exhaustively extracted at room temperature with 96% ethanol (1 L each, 48 h of infusion). The four consecutive extracts were collected and the ethanol was eliminated under reduced pressure until a water suspension was obtained. The suspension was frozen and then lyophilized in order to preserve the eventual temperature-sensitive compounds present, obtaining a crude extract of 18.5 g.
A 10.1 g aliquot of the crude extract was partitioned following the recent patent of Ballero and co-workers [31] . This method consists of suspending the crude extract in water to favor its adsorption on charcoal/celite/polyamide mixture (10:1:1) until no positive reaction with vanillin/HCl spray reagent. This is a rapid, highly sensitive and specific test for the screening of the presence of iridoid glucosides in a crude extract as well as in a chromatographic fraction. It is performed on a filter paper where the sample solution is seeded and then treated with the spray reagent. The majority of iridoid glucosides, after heating at 120°C, gives characteristic colored spots. In many cases, it is possible to identify the compound on the basis of the obtained color shade. If the aqueous suspension gives positive reaction to the vanillin/HCl test, the iridoids were not completely adsorbed on the charcoal/celite/polyamide mixture. This step is conducted on an empirical basis and the adsorbing mixture is added in aliquots until any reaction occurs. The resulting suspension is then stratified on a Gooch funnel and the water is filtered. The charcoal/celite/polyamide cake is then eluted with H 2 O to eliminate the very polar compounds (mainly mono-and disaccharides) not adsorbed but present in the residual moisture. To verify the absence of saccharides, a drop of the sample solution is placed on a TLC plate and treated with H 2 SO 4 2N spray reagent and heated. To eliminate the saccharidic compounds, 200 mL of distilled water was used. The desorption procedure was then started with EtOH/H 2 O mixtures, increasing the EtOH percentage (30, 60 and 95%) gradually (500 mL, 300 mL 200 mL, respectively). Elution of compounds was monitored by reaction with vanillin/HCl reagent and/or with H 2 SO 4 2N and heating. Solvent polarity was changed when the spot intensity sensibly decreased. All the elutions were Iridoids and other constituents from Melittis melissophyllum subsp. albida Natural Product Communications Vol. 11 (11) 2016 1633 conducted avoiding the complete drying of the charcoal mixture. In this manner, four fractions of different polarity were collected, and after elimination of ethanol under reduced pressure and freezedrying, we recovered 2.45 g, 0.170 g and 0.048 g of solids, by extracting respectively with 30, 60 and 95% ethanolic solution. Only the 30% fraction gave a positive reaction for the presence of iridoids, so this fraction was used.
The whole 2.45 g of the 30% fraction was chromatographed on silica gel (70-230 mesh ASTM; 75.0 g) achieving a first separation using n-butanol saturated with water (82:18, v/v) as eluting system. From this step were identified 8-O-acetylharpagide (2) (Rf = 0.29) (14.5 mg) [10] (> 95% purity) (Fr.14-17) and fractions with mixtures in which the presence of the principal components was showed by preliminary analysis by 1 [12, 13, 35] , harpagide (1) (Rf = 0.25 in CHCl 3 /MeOH 8:2, v/v) (10.1 mg) (Fr.37-39C) [10] and geniposidic acid (6) (Rf = 0.3 in CHCl 3 /MeOH 7:3, v/v) (2.5 mg) (Fr.46C) [36] . The last compound was not visible in the preliminary analysis of the original sample (Fr.42-55) by 1 H NMR spectroscopy due to its small amount.
The last fractions (Fr.65-115) (222.3 mg) were further purified on silica gel (7.7 g) using n-butanol-methanol-water (70:10:30, v/v/v) as eluting system, to give, in the order of elution, cinnamic acid (8) (Rf = 0.7) (13.6 mg) [38] (Fr.11-12D), allobetonicoside (4) (Rf = 0.18) (6.5 mg) (Fr.29-30D) [34] and melittoside (3) (Rf = 0.16) (49.8 mg) (Fr.42-51D) [32, 33] .
All the eluted fractions were checked by TLC (Merck 60 F254) using the same eluting system applied to the corresponding CC.
The obtained spectroscopic data were in accordance with those available in literature and/or with spectra obtained on standard compounds available in our laboratory.
